containing ú40 kbp of EBV DNA, was used to create probes Cell lines and EBV expression. The BL-derived cell line Mutu, labeled by nick-translation with digoxigenin-11-dUTP (Boehringer clone 59 (group I/Burkitt's-like) and clone 176 (group III/LCLMannheim, Indianapolis). Probe was hybridized to fixed interphase or metaphase chromosomes as previously described [8] . Hybridized probe was detected by fluorescein-conjugated sheep antibod-
was assessed by in a single tumor progenitor cell prior to its malignant converstandard immunoblotting for EBV protein expression using human sion [2, 3] . Infection precedes and therefore is likely to contribserum from a patient with nasopharyngeal carcinoma and by indiute to clonal expansion. [5, 6] tion events.
To corroborate evidence for viral integration, interphase and metaphase chromosomes were examined by fluorescent in situ Results hybridization, using as probe EBV DNA from a large cosmid clone covering approximately a quarter of the viral genome On serial passage, BL cells typically drift from the original biopsy cell phenotype (termed group I: CD10/CD77-positive, [7] . Consistent with the termini analysis, metaphase spreads from multiple mitoses repeatedly demonstrated symmetrical activation antigen/adhesion molecule -negative) expressing only one latent viral nuclear antigen (EBNA1) to a lymphoblasdoublet signals on sister chromatids at two chromosomal sites, indicating EBV DNA integration (figure 1). On the basis of toid cell line phenotype (termed group III: CD10/CD77-negative, activation antigen/adhesion molecule -positive) in which the possibility that the spontaneous changes observed in EBV DNA configuration in this late-passaged cell population reprecells express all nine latency-associated EBV proteins and some enter the EBV lytic cycle [4, 9] . Cell clones of Mutu BL have sented inadvertent contamination of cell lines, we analyzed both the karyotype and immunoglobulin gene rearrangements been established that grow stably in either the group I or III phenotype [4] . After Ç30 months in culture, Mutu group III in Mutu III early and late passages, each of which were identical for the two cell populations (data not shown). cells yielded a progressively diminished hybridization signal for EBV DNA on standard Southern analysis (not shown).
EBV replication in another BL-derived cell line, P 3 HR 1 , has been directly linked to presence of defective, rearranged EBV Because group III cells had previously been described as containing significant numbers of cells in lytic cycle [4] , the DNA, termed heterogeneous (or WZhet) DNA [10] . Since EBV integration may reflect a more pervasive DNA instability that observed change in viral DNA content might merely reflect cessation of EBV replication in that subset of cells. To assess might foster both defective virus and episomal loss, we used PCR analysis to examine Mutu total cellular DNA for WZhet this possibility, we analyzed DNA from early and late passages of Mutu group I and group III culture phenotypes for the conrearrangements (figure 2). PCR primers that flanked the aberrant junction between two EBV DNA fragments, BamHI-W figuration of EBV termini (figure 1). BamHI restriction endonuclease digestion of viral DNA preserves terminal repeat seand -Z, contiguous in WZhet DNA but 55 kbp apart in the standard genome, yielded a product in the same Mutu group I quences that vary in number for each virion but cleaves adjacent unique DNA. Fused termini, indicated by a highand group III populations that by Southern analysis (figure 1) contained replicating virus. PCR products were somewhat molecular-weight band that hybridizes to probes specific for opposite ends of the genome, denote circular forms found in larger from Mutu than from the P 3 HR 1 control, suggesting variability in the junction between rearranged fragments. Howlatently infected cells, whereas an array of smaller unjoined ends varying in size by the Ç500 bp in each repeat represents ever, each product hybridized to oligonucleotide probes internal to primer sequences and specific for either the BamHI Z or W linear viral DNA characteristic of replicative infection [2] .
As shown in figure 1 (blots A and B) , both the early-and fragment (figure 2). Because the BZLF1 (BamHI-Z leftward open-reading frame late-passage Mutu cells retaining the BL group I phenotype contained predominantly episomal EBV DNA. Detection of a 1) protein encoded by both standard and defective genomes initiates the switch from EBV latency to virus replication [10] , single high-molecular-weight fragment with probes specific for unique sequences at either end of the EBV genome confirm late-passage group I and group III clones that differed with regard to state of viral activation (figure 1, blots B and D) were that the BL line contained a single clonal population of episomal DNA. A minor component of replicating virus was destained by indirect immunofluorescence for BZLF1. Consistent with DNA analyses that demonstrated the presence of WZhet tected in the late passage, as represented by small-molecularweight unjoined termini. By contrast, exuberant replication was DNA and viral replication, late-passage group I cells contained a subset of BZLF1-positive cells in contrast to late-passage seen in the early-passage group III clone in the presence of a persisting, yet proportionally diminished, episomal DNA popugroup III cells (figure 2), a pattern just the reverse of that originally described for early Mutu cell passages [4] . The patlation (blot C). As was anticipated, late-passage group III cells now contained no evidence of replicating virus, accounting in tern of viral latent gene expression definitive for group I and group III cells, however, remained unchanged (not shown). part for the reduction in EBV DNA content observed. Surprisingly, however, the single 20-kb band representing joined EBV termini in both group I and early-passage group III Mutu cells Discussion was also absent (blot D). Instead, the episomal band was replaced by two high-molecular-weight bands, the sizes of which
The notion that viruses may be responsible for genetic damage, yet fail to persist in the malignant cell, has previously varied when probes to the right versus left end of the EBV genome were used. These results suggested the EBV termini been advanced in the case of those human herpesviruses (e.g., / 9d46$$ju46 05-11-98 10:41:02 jinfa UC: J Infect herpes simplex virus) for which little positive evidence exists episomal DNA loss, EBV DNA integration) closely parallel findings reported in uncultured sporadic BL tissue biopsies in to support an association with human cancer [11] . Conceptually, such a ''hit-and-run'' mechanism of viral oncogenesis which presence of only integrated EBV DNA or rearranged WZhet DNA led to their misclassification as EBV-negative might be more convincingly argued for EBV, which encodes known oncoproteins but whose well-documented associations tumors [6] . As indicated in that report, integrated viral DNA may not contribute to the malignant process but rather attests with the human malignancies Hodgkin's lymphoma and BL are less than complete. Just such a process of viral DNA loss to the overall genomic instability within the cell. The clearance of viral episomes from a population of cells has been recently suggested by findings of heterogeneity within a single BL in the form of EBV-positive and EBV-negative also containing WZhet EBV DNA may be more than coincidental. The rearrangement of BamHI-W and BamHI-Z EBV fragcells bearing identical chromosomal abnormalities [5] .
Our findings of complete episomal DNA loss, accompanied ments confers unusual biologic properties on the defective DNA as a result of constitutive expression of the immediateby viral DNA integration, complement an earlier report of EBV DNA loss from the BL cell line Akata, where up to half of the early gene BZLF1 [14] , transient transfections of which have been shown to cause partial elimination of EBV episomes from cells failed to maintain the viral episomes after 2 years in culture [12] . Although affected Mutu cells retained their group BL cells [15] . Since WZhet DNA itself is not stably associated with cells [10] , both might be effectively lost from an ex-III phenotype, including expression of all latent EBV proteins, viral integration presumably offered some selective advantage panding cell clone. Unless episomal loss was accompanied by EBV DNA integration, evidence for past infection of tumor leading to the outgrowth of this subpopulation. Alternatively, Mutu cell variants with integrated EBV inapparent on initial would be absent. The consistency with which t(8:14), t(2:8), and t(8:22) trans-DNA blots may have preexisted EBV lytic replication and have been selected for during cytolysis. Episomal and integrated locations are found in all BL makes the juxtaposition of c-myc and immunoglobulin gene loci a critical step in lymphomagencopies of EBV have been known to coexist in some BL cell lines [13] , but marked episomal EBV DNA loss with clonal esis. Agreement on the contribution of virus has been more problematic due to the only partial association of EBV with emergence of a population containing integrated virus has not been described. What makes these observations of particular BL, an issue that can be resolved if we accept a priori that transforming events other than EBV infection can lead to the note is that the footprints of viral instability described here for Mutu (EBV reactivation, WZhet EBV DNA rearrangement, same histological and cytogenetic abnormalities. Our data raise
